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Abstract 

Background: Information on tine part tliat poor food-liygiene practices play a role in the development of diarrhea 
in low socioeconomic urban communities is lacking. This study was therefore aimed at assessing the contribution 
of food-hygiene practice to the prevalence of diarrhea among Indonesian children. 

Methods: A cross-sectional study was conducted among 274 randomly selected children aged 12-59 months in 
selected low socioeconomic urban areas of East Jakarta. The prevalence of diarrhea was assessed from 7-day 
records on frequency and consistency of the child's defecation pattern. Food-hygiene practices including mother's 
and child's hand washing, food preparation, cleanliness of utensils, water source and safe drinking water, habits of 
buying cooked food, child's bottle feeding hygiene, and housing and environmental condition were collected 
through home visit interviews and observations by fieldworkers. Thirty-six practices were scored and classified into 
poor (median and below) and better (above median) food-hygiene practices. Nutritional status of children, defined 
anthropometrically, was measured through height and weight. 

Results: Among the individual food-hygiene practices, children living in a house with less dirty sewage had a 
significantly lower diarrhea prevalence compared to those who did not [adjusted odds ratio (OR) 0.16, 95% 
confidence interval (CI) = 0.03-0.73]. The overall food-hygiene practice score was not significantly associated with 
diarrhea in the total group, but it was in children aged < 2 years (adjusted OR 4.55, 95% CI = 1.08-19.1). 

Conclusions: Overall poor mother's food-hygiene practices did not contribute to the occurrence of diarrhea in 
Indonesian children. However, among children < 2 years from low socioeconomic urban areas they were associated 
with more diarrhea. 
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Background 

Despite the substantially declining mortality rate from 
diarrhea in developing countries, diarrhea still accounts 
for approximately 11% of all mortality in children under 
5 years of age [1]. Diarrhea incidence rates among chil- 
dren in this age group in developing countries including 
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Indonesia has declined in the past 20 years, but the bur- 
den of disease has remained consistent with respect to 
age [2]. 

Diarrhea incidence remains a tremendous burden on 
children in low- and middle-income countries [2] due to 
multiple determinants [3] such as child malnutrition [4], 
low socioeconomic status and education of mothers 
[5,6], lack of safe drinking-water, inadequate sanitation 
and poor hygiene [7,8], crowding [9] and low maternal 
age [10]. These determinants of diarrheal disease are 
strongly linked to poverty and social inequities [11]. Fur- 
thermore, diarrheal incidence is highest in the first two 
years of life and declines as a child grows older [12]. 
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Although the determinants of diarrhea among children 
are well described, information on the part of food- 
hygiene practices play a role in the development of diar- 
rhea and malnutrition among children in low socioeco- 
nomic urban communities is lacking [13]. Many studies 
conducted in the urban settings of developing countries 
focused on the risk factors of diarrhea related to envir- 
onmental conditions and utilization of sanitation facil- 
ities [14-16]. A previous study on food-hygiene missed 
some important practices such as food storage, thorough 
cooking and adequate holding temperature [13] as re- 
commended by the World Health Organization (WHO) 
[17]. Mothers and children in low socioeconomic urban 
areas in East Jakarta with limited hygiene and sanitation 
facilities tend to have poor hygiene practices such as 
using dirty cooking or eating utensils for their children 
[18]. While poor hygiene practices, especially in food 
preparation and feeding practices, may increase the risk 
of having diarrhea, up to 70% of diarrhea episodes are 
actually caused by water and food contaminated with 
pathogens [19]. Therefore, we hypothesized that the pre- 
valence of diarrhea and malnutrition among children in 
low socioeconomic urban areas of East Jakarta is high, 
not only because children and mothers are exposed to 
the environmental factors that cause diarrhea such as 
unsafe water, and poor sanitation and hygiene, but also 
due to poor food-hygiene practice. To address this hy- 
pothesis, we assessed the association of food-hygiene 
practice with the occurrence of diarrheal disease among 
under-five children in selected urban low socioeconomic 
areas of East Jakarta, Indonesia. The results of this study 
can be useful in designing an intervention study, health 
plans and policies related to mother and child hygienic 
behavior. 

Methods 

Study design 

A cross sectional study was carried out from October 
2004 to February 2005 in an urban area of Jatinegara, 
East Jakarta district, Indonesia. This district was selected 
because it has the highest prevalence of diarrhea and 
underweight (24%) in under-five children in Jakarta 
province, based on passive surveillance of the local gov- 
ernment. In this urban area, purposive sampling was 
used to target low socioeconomic households: those in 
which the housing location was along the river side 
(flooding area) and households within specific low socio- 
economic areas of the city centre (non-flooding area). 

Subjects 

A total of 274 children aged 12 - 59 months were se- 
lected randomly from the community registry. Only the 
youngest child who was selected for the study if a family 



had more than one child at this age category. At the 
time of selection, the children had been living in this 
district for at least 6 months. Informed consent was 
obtained from mothers or caregivers after they had re- 
ceived an explanation about the study's objective and 
method. The study protocol was reviewed and approved 
by the Ethical Committee of the Faculty of Medicine, 
University of Indonesia and National Center for Re- 
search and Development, Ministry of Health Republic of 
Indonesia. 



Data collection 

Data collection in this study was divided into three phases: 
(a) interview: socio-demographic factors of the family, gen- 
eral characteristic of children and mother, breastfeeding 
practices, utilization of health services, mother's and child's 
hand washing, food preparation, cleanliness of utensils, 
water source and safe drinking water, habits of buying 
cooked food, and child's bottle feeding practices, (b) obser- 
vation: the child's defecation and diarrhea pattern to obtain 
information on diarrhea prevalence, house and environ- 
mental condition, food storage, water source and drinking 
water storage, and (c) anthropometric measurements. 

A structured questionnaire, used for conducting inter- 
views and observations, consisted of four sections: (a) gen- 
eral information, (b) diarrhea prevalence, (c) complete list 
of food-hygiene practices, and (d) nutritional status. The 
questionnaire was developed based on a similar survey, 
the guidelines set by the WHO, information from staff 
members of the community health centers and voluntary 
mothers, and two group discussions in two chosen villages 
with 8-10 mothers aged less than 45 years old, having 
children between 1-5 years of age, living in the study area. 

Mothers were asked to fill in the form according to 
what she had observed in her child's defecation pattern 
(time, frequency and stool's visual appearance) [20] for 
seven days, starting at 8.00 AM each day. Every day one 
field worker collected the observation form of defecation 
pattern. The field worker checked whether the child be- 
ing observed had diarrhea or not based on the mother's 
record. 

In addition, the interview was conducted by the field 
worker to the mothers or caretakers in their house after 
the anthropometric measurement of their child. Mothers 
or caregivers were interviewed on the mother's and child's 
hand washing, food preparation, cleanliness of utensils, 
water source and safe drinking water, habits of buying 
cooked food, child's bottle feeding hygiene and housing 
and environmental condition using a structured question- 
naire. During the interview, the field worker observed the 
house and surrounding condition, sewage condition, avail- 
ability of a latrine, food storage, water source and drinking 
water storage. 
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Diarrhea prevalence 

Diarrhea was defined as defecation frequency of three or 
more loose/Uquid stools in a day [21]. We calculated the 
period prevalence of diarrhea as the percentage of chil- 
dren suffering from diarrhea assessed during a 7-day re- 
cording period. Recall periods of more than 48 hours 
may lead to underreporting of diarrhea cases [22] there- 
fore we chose recording diarrhea during a 7-day period 
to avoid information bias in diarrhea prevalence and a 7- 
day recall period is commonly used in practice [23]. 
Many studies defined diarrhea prevalence based on a re- 
call of mother 2 weeks or 3 months before the study. 

Food-hygiene practice 

All 36 variables that may contribute to food-hygiene 
practices, i.e. mother's hand washing before preparing 
food and feeding the child, child's hand washing before 
eating a meal and after defecating/urinating, food prep- 
aration, cleanliness of utensils, water source and safe 
drinking water, habits of buying cooked food, child's bot- 
tle feeding hygiene and housing and environmental con- 
dition, were summed up into a total of 36 scores. Each 
variable was scored as 0 or 1, with 1 representing a posi- 
tive practice [24]. The positive practice was judged by 
field worker based on pre-instruction about the undesir- 
able/favorable practices. All individual variables were 
assigned equal importance (Table 1). Total composite 
score was classified into poor and better food-hygiene 
practice based on the median score of the population, 
i.e. food-hygiene practice score < 19 was considered as 
being poor (n = 168), while a score > 19 was considered 
as being better practice (n = 168). 

Nutritional status 

Wasted, underweight and stunted were defined as weight- 
for-height z-score (WHZ), weight-for-age z-score (WAZ), 
and height-for-age z-score (HAZ) of less than - 2 SD 
based on nutritional indices of the WHO Child Growth 
Standard, respectively [25]. Children were weighed lightly 
clothed without shoes using an electronic scale (SECA 
platform 770, SECA, Hamburg) with a precision of 0.1 kg. 
For children who were not able to stand, the child's weight 
was obtained by subtracting the mother's weight from the 
measured weight. Body stature was measured using a 
microtoise for children who could stand erectly, with a 
precision of 0.1 cm [26]. While for children who could not 
stand, a SECA length board was used. 

Feeding practices of children 

Feeding practices of children were assessed by inter- 
viewing the mothers on history of breast feeding status, 
bottle feeding and snacking practices among their chil- 
dren. We classified the breastfeeding status of children as 
early initiation (received breastfeeding immediately after 



birth and received colostrum at birth), exclusive (received 
exclusive breastfeeding for 6 months period and no pre- 
lacteal feeding at birth), continuation of breastfeeding 
(current status and duration of breastfeeding). These clas- 
sifications of breastfeeding status were based on retro- 
spective data, except for the continuation of breastfeeding 
that was based on current status data (more applied for 
child age's < 36 months) [15]. Bottle feeding practice was 
assessed as a current status of child who is fed milk with a 
bottle [15]. Snacking practices referred to current practice 
of frequency of buying and type of snack. 

Statistical analysis 

The minimum study sample size was calculated for esti- 
mating the actual prevalence of diarrhea among areas 
under study. The anticipated proportion of 15% was 
chosen as average diarrheal prevalence in East Jakarta. 
With 5% precision and anticipating on 20% missing data, 
the minimal sample was 245 children. 

We used STATA for windows release 11 (College Sta- 
tion, Texas 2009) for data analyses. Data on weight and 
height of the children were transferred into z-scores 
using WHO software [25]. 

Variables, such as child's age, sex, area of living, nutri- 
tional status, breastfeeding practices, utilization of health 
services, maternal schooling, socioeconomic status (SES), 
family size and number of under-five children living under 
the same roof that had a p < 0.25 based on bivariate ana- 
lysis by test were considered as potential confounders 
[27] . SES was categorised based on the criteria of the local 
government (ownership of the house, monthly income, 
monthly expenditure, type of floor, and availability of la- 
trine). The average score of SES in the study population 
was 15. SES was classified into a binary category as de- 
scribed in another study [28]: households with a median 
score or lower (<15) as very low SES; or above median 
score (>15) as medium-low SES. 

We next performed single and multiple logistic regres- 
sion models and used these models to assess the associ- 
ation between diarrhea and feeding practices. First, we 
calculated the unadjusted odds ratio (OR) and 95% con- 
fidence intervals (CI) of each variable using bivariate 
analysis. If the 95% CI did not include one, i.e. p < 0.05, 
we considered the result statistically significant. Sec- 
ondly, all potential covariates were included in logistic 
analysis to estimate the adjusted OR and 95% CI. Thus, 
a multiple logistic regression model was used to account 
for the effect of several potential confounding factors, 
i.e., age, weight-for-height z-score, immunization status, 
family size and number of under-five living under the 
same roof. Logistic regression was also used to assess 
whether there was any effect modification {p < 0.05, test 
homogeneity of the OR). Finally, we assessed the un- 
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Table 1 Scoring of food-hygiene practices 



Food-hygiene practices 



Score 



Undesirable response = 0 Favorable response = 1 



IVIethods of 
measurement 



House and environmental condition 
Clean inside the liouse 
Clean surrounding tlie house 
Existence and less dirty sewage 
Existence of latrine 
Latrine with closet and septic tank 
Child's feces was thrown in latrine 
Other family defecated in latrine 
Closed domestic waste disposal 

Motlier's hand washing 

Before preparing the food 
Before feeding the child 
Using water and soap 

Child's hand washing 
Before eating a mea 
After defecating or urinating 
Using water and soap 

Food preparation 

Source of food 

Cooked special food for child 

Food holding time before eaten 

Reheating the food before child 
eating 

Feeding child with warm or hot food 
Store food covered or closed 
Cleanliness of utensils 
Place to wash utensils 
Wash utensils with flowing tap water 

Frequency of changing water in the 
pail 

Water source and safe drinking water 

Piped water source 

Existence of septic tank 

Water treatment for drinking water 

Cover on water storage 
Habits of buying cooked food 

Frequency of buying street food 

Bought hot food from outside 

Food given to child were still hot 

If the food still hot, food directly 
eaten 

Not frequently bought snack 
Type of bought package 



Dirty 

Many garbage 

Dirty or no sewage system 

No 

no closet and/or septic tank 

No 

No 

Open 

No 

No 

With water only 

No 

No 

With water only 

Bought from outside 
No 

> 1 hour 

Never or only once 

Cold 
Open 

Outside 

No, collect the water in the 
pail 

< 3 times in a day 

Outdoor or ground water 
Not available 
Boiling water 
Open 

Frequent 
No, cold food 
No 
No 

Frequent 

Non package snack 



Clean 
Clean 
Less dirty 
Yes 

with closet and septic tank 

Yes 

Yes 

Close 

Yes 
Yes 

With water an soap 

Yes 
Yes 

With water an soap 

Cooked by mother 
Yes 

< 1 hour 

Every time the child wanted to eat 

Warm or hot 
Covered or closed 

Inside 
Yes 



Piped water 
Available 

Refill or branded drinking water 
Covered or closed 

Not frequent 
Yes, hot food 
Yes 
Yes 

Not frequent 
Package snack 



Observation 
Observation 
Observation 
Observation 
Observation 
nterview 
Observation 
nterview 

Interview 

nterview 
nterview 

nterview 
nterview 
Interview 

nterview 
Interview 
Interview 
nterview 

nterview 
Observation 

nterview 
nterview 



Every time wanted to wash the dishes or > 3 times in a Interview 
day 



nterview 
Observation 
nterview 
Observation 

nterview 
nterview 
nterview 
nterview 

nterview 
nterview 
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Table 1 Scoring of food-hygiene practices (Continued) 

Chad's bottle feeding hygiene (only for bottle fed children) 

Using bottle feeding Yes, witli bottle mill< No, with glass or no bottle feeding Interview 

Bottle was washed and boiled Washed only Washed and boiled or no bottle feeding Interview 

Clean bottle milk Less clean Clean or no bottle milk Interview 



adjusted and adjusted OR and 95% CI of two classifica- 
tions of feeding practices versus prevalence of diarrhea. 

Results 

More than half of the children resided in the flooding 
area along the river side. One third of children were 
from families consisting of six members (Table 2). Aver- 
age age of mothers was 30 years while median age of 
fathers was 34 years (range 20 - 66 years). The main oc- 
cupation of fathers was private sectors employee (34%), 

Table 2 General characteristics of the study population in 
Jatinegara sub-district. East Jakarta (n = 274) 



Variables 



n (%) or median (min-max) 



Area of living: 
Flooding site 
Non flooding site 
Children 

Median age (months) 

Age group (months) 

12-23 

24-35 

36-47 

48 - 59 

Gender 

Boy 

Girl 
Mother 

Median age (years) 

Length of schooling (n = 273)^ 

<9 years 

>9 years 
Household 

Nuclear or extended family'' 

Family size 
Socioeconomic status^ 

Medium - low 

Very low 



168 (61%) 
106 (39%) 

31.1 (12.1 - 59.f 

93 (34%) 
71 (26%) 
65 (24%) 
45 (1 6%) 

151 (55%) 
123 (45%) 

30 (17-50) 

156 (57%) 
116 (43%) 



143 (52%) or 131 (48%) 
6 (3-22) 

125 (46%) 
149 (54%) 



^One mother was illiterate. 

"^Nuclear family consists of only father, mother and children; extended family 
consisted of a nuclear family and their close relatives living under the same roof. 
"^Categorised based on total score of socioeconomic status (SES) criteria of 
local government (ownership of the house, monthly income, monthly 
expenditure, type of floor, and availability of latrine). 



Street vendor, small-scale trader or self-employed (29%), 
driver (12%), construction, factory and day laborer (17%), 
government employee (3%), while 5% was unemployed. 
The majority of mothers (83%) were housewives. A few 
mothers worked as small traders, street vendors, laborers 
and launderers. 

The minimum labor salary rate of Rp. 600,000 (US$ 65) 
per month was used to determine the level of family in- 
come and expenditure. One third of the families had 
monthly income of < US$ 65 indicating that they belonged 
to a very low-income group. In a second third of the fam- 
ilies, the monthly income was between US$ 65 - 110 indi- 
cating the low income and expenditure group. The last 
third was the medium income and expenditure group, 
with a monthly income > US$ 110 (data not shown). 

Diarrhea prevalence of 10% was observed during a 7- 
day record (Table 3). There was no significant difference 
in diarrhea prevalence between children living in flooding 
and non-flooding areas. The highest diarrhea prevalence 
(17%) was found in children aged 12 to 23 months. Preva- 
lence tended to decrease as child's age increased, and the 



Table 3 Prevalence of diarrhea and malnutrition by age 
and sex of under-five children in Jatinegara sub-district. 
East Jakarta 



Diarrhea 



Undernutrition prevalence (%) 



Variables 


n 


prevalence 

{%r 


Stunted 
(HAZ<-2) 


Underweight 
(WAZ < -2) 


Wasted 
(WHZ<-2) 


Area of livin 


g 










Flooding 


168 


10.1 


36.3 


26.8 


9.5 


Non 
flooding 


106 


104 


25.5 


17.9 


9.5 


Age group 


(months) 








12-23 


93 


17.2* 


32.3 


194 


11.8 


24-35 


71 


8.5 


324 


254 


8.6 


36-47 


65 


6.2 


33.8 


24.6 


6.2 


48 - 59 


45 


4.4 


28.9 


26.7 


11.1 


All ages 


274 


10.2 


32.1 


234 


9.5 


Gender 












Boy 


151 


9.9 


35.8 


25.2 


11.9 


Girl 


123 


10.6 


27.6 


21.1 


6.6 



HAZ, height-for-age z-score; WAZ, weight-for-age z-score; and 
weight-for-height z-score. 

^Weekly point prevalence, assessed from a 7-day records. 
^Significantly different between ages, p < 0.05, test. 



WHZ, 
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difference in the prevalence was significant between chil- 
dren aged 12 to 23 months and older. Diarrhea prevalence 
was not significantly different between sexes. The pre- 
valence of stunting, underweight and wasting among 
children aged 12 - 59 months was 32%, 19% and 12%, 
respectively, and not different between age groups, sexes 
and living areas. 

Factors found to be significantly associated with diar- 
rhea were age, weight-for-height z-score, immunization 
status, family size and number of under-five children liv- 
ing under the same roof (Table 4). The odds ratio for chil- 
dren aged < 2 years was 2.9 times (95% CI = 1.32-6.48). 
Children with complete immunization were protected 
from diarrhea (OR 0.35, 95% CI = 0.16-0.78). ChUdren be- 
longing to families with > 6 household members had 2.3 
times higher risk of suffering from diarrhea (95% CI = 
1.03-4.98). Presence of >1 child under five years of age liv- 
ing in the same household increased the risk of suffering 
from diarrhea 2.8 times (95% CI = 1.26-6.16). The risk of 



diarrhea was 1.6 times higher when children had a mother 
with low education level and family with very low SES, 
but this was not significantly different, nor was the associ- 
ation with wasting (OR 2.3, 95% CI = 0.70-6.73). 

Among the individual food-hygiene variables, children 
who lived in the house with less dirty sewage had signifi- 
cantly lower diarrhea prevalence compared to those who 
did not (adjusted OR 0.17, 95% CI = 0.04-0.75) (Table 5). 
Children whose mother had habits of buying package 
snacks showed significantly higher diarrhea prevalence 
compared to those who did not (unadjusted OR 3.00, 
95% CI = 1.01-8.93). However, the risk of diarrhea be- 
came non-significant after adjustment for age, weight- 
for-height z-score, immunization status, family size and 
number of under-five children living under the same 
roof 

The association between the overall food-hygiene 
practice score and diarrhea among children aged 12 - 
59 months was not significant, neither in the crude nor 



Table 4 Risk factors associated with the occurrence of diarrhea in children aged 12-59 months (n = 274) 



Risk factors 

Children 

General characteristic 
Living in flooding area 
Age < 2 years 
Age < 3 years 
Boy 

Nutritional status 

Wasted 

Underweight 

Stunted 
Breastfeeding practice history 

Received breastfeeding after birth (n = 273) 
Received colostrum at birth 

Received exclusive breastfeeding or no pre-lacteal feeding at birth^ 

Breastfeeding duration >12 months (n = 273) 
Utilization of health services 

Received vitamin A supplementation (n = 273) 

Received complete immunization 
Mother 

Maternal schooling < 9 years (less or equal to junior high school) (n = 273) 
Household condition 

Socioeconomic status: very low 
Family size > 5 persons 

Under-five children living under the same roof >1 



Total Diarrhea 

n % Unadjusted OR (95% CI) 



168 10 0.97(0.44-2.17) 

93 17 2.93(132-6.48)"" 

164 13 2.69(1.05-6.86)"" 

151 10 0.93 (043-2.04) 

36 19 2.32 (0.70-6.73) 

63 14 1.67(0.71-3.89) 

88 8 0.68(0.28-1.66) 

170 12 1.58(0.67-3.74) 

215 10 1.01 (0.39-2.61) 

103 8 0.64(0.27-1.50) 

224 9 0.62(0.25-1.55) 

224 9 0.62 (0.25-1.55) 

188 7 035(016-078)"" 

157 12 1.64(0.71-3.76) 

149 12 1.58(0.70-3.56) 

98 15 2.27(1.03-4.98)*'' 

79 18 2.78(1.26-6.16)*'' 



^Prelacteal feeding was any nonhuman milk food or fluids provided to the new-borns before breastfeeding on the first day of life [29]. 
'"Statistical significant at p < 0.05, test. 
"''Statistical significant at p < 0.05, Fisher's exact test. 
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Table 5 Distribution of diarrhea prevalence 
aged 12-59 months 



by determinant factors of food-hygiene practices among children 



Food-hygiene practices^ 


Total 
n 






Diarrhea 






% 


Unadjusted OR (95% CI) 


p-value 


Adjusted OR (95% CI)'' 


p-value 


House and environmental condition (n = 274) 














Clean inside tlie house 


134 


7 


0.46 (0.20-1 .05) 


0.07 


0.68 (0.27-1.68) 


040 


Clean surrounding the house 


139 


8 


0.60 (0.27-1 33) 


0.21 


0.69 (0.29-1.64) 


040 


Existence and less dirty sewage 


74 


3 


0.19 (0.04-0.80)* 


0.02* 


0.16 (0.03-0.73)* 


0.02* 


Existence of latrine 


172 


12 


1.89 (0.77-4.61) 


0.16 


1.53 (0.62-3.92) 


0.37 


Latrine with closet and septic tank 


105 


13 


1.70 (0.78-3.73) 


0.18 


1 .43 (0.62-3.29) 


041 


Child's faeces was thrown in latrine 


138 


7 


0.51 (0.23-1.15) 


0.11 


0.62 (0.27-1.46) 


0.28 


Other family defecated in latrine 


241 


11 


1 .87 (042-8.29) 


041 


1.63 (0.35-7.58) 


0.53 


Closed domestic waste disposa 


145 


10 


0.87 (0.40-1.90) 


0.73 


0.96 (0.42-2.21) 


0.93 


IVIottier's hand washing (n =274) 














Before preparing food 


80 


9 


0.79 (0.32-1 .94) 


0.61 


0.79 (0.31-2.04) 


0.62 


Before feeding the child 


240 


11 


4.18 (0.55-31.8) 


0.17 


4.16 (0.53-32.8) 


0.18 


Using water and soap 


193 


9 


0.73 (0.32-1 .66) 


045 


0.71 (0.30-1.70) 


045 


Child's hand washing (n = 274) 














Before eating a meal 


185 


10 


1 .02 (0.44-2.35) 


0.97 


1.08 (0.45-2.61) 


0.86 


After defecating or urinating 


49 


10 


1 .00 (036-2.77) 


0.99 


1.14 (039-332) 


0.81 


Using water and soap 


154 


10 


0.89 (041-1.95) 


0.77 


0.87 (0.38-1.99) 


0.74 


Food preparation (n = 274) 














Food cooked by mother 


201 


10 


1.10 (0.45-2.71) 


0.84 


1 .00 (0.38-2.62) 


0.99 


Cooked special food for child^ 


75 


16 


2.48 (0.99-6.19) 


0.05 


2.56 (0.88-7.58) 


0.08 


Food holding time before eaten <1 hour 


151 


10 


0.93 (043-2.04) 


0.86 


0.78 (0.34-1.78) 


0.55 


Reheating the food before child eating"^ 


191 


9 


0.46 (1.18-1.13) 


0.09 


0.48 (0.18-1.28) 


0.14 


Feeding child with warm or hot food 


150 


11 


131 (0.59-2.92) 


0.50 


1.16 (0.49-2.74) 


0.74 


Store food covered or closed 


254 


10 


1 .03 (0.23-4.67) 


0.97 


0.93 (0.19-441) 


0.92 


Cleanliness of utensils (n -274) 














Wash utensils inside house 


235 


11 


2.23 (0.51-9.80) 


0.29 


1.97 (0.43-9.11) 


0.38 


Wash utensils with flowing tap water 


76 


9 


0.86 (035-2.10) 


0.73 


0.86 (0.33-2.21) 


0.75 


Change water in the pail 


225 


9 


0.50 (0.21-1.21) 


0.13 


0.48 (0.18-1.26) 


0.14 


Water source and safe drinking water(n = 274) 














Piped water source 


72 


10 


0.93 (0.38-2.29) 


0.87 


0.97 (0.37-2.51) 


0.94 


Existence of septic tank 


106 


13 


1 .67 (0.76-3.67) 


0.20 


141 (0.61-3.25) 


042 


Refill or branded drinking water source 


57 


11 


1.04 (0.40-2.71) 


0.93 


1 .02 (0.37-2.80) 


0.98 


Cover on water storage 


270 


10 


1 .32 (037-4.76) 


0.67 


1 .06 (0.28-4.07) 


0.93 


Habits of buying cooked food (n = 274) 














Not Frequently bought street food 


109 


7 


0.57 (0.24-135) 


0.21 


0.52 (0.21-1.29) 


0.16 


Bought hot food from outside 


159 


13 


1 .92 (0.82-4.54) 


0.14 


1.71 (0.69-4.26) 


0.25 


Food given to child were still hot 


235 




143 (041-4.98) 


0.58 


1 .48 (0.38-5.73) 


0.57 


If the food still hot, food directly eaten 


193 


9 


0.61 (0.27-1.38) 


0.24 


0.71 (0.30-1.67) 


0.43 


Not frequently bought snack 


29 


17 


2.01 (0.70-5.77) 


0.19 


1 .43 (0.43-4.75) 


0.56 


Bought package snack 


188 


13 


3.00 (1.01-8.93)* 


0.048 


2.37 (0.76-7.35) 


0.14 
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Table 5 Distribution of diarrhea prevalence by determinant factors of food-hygiene practices among children 
aged 12-59 months (Continued) 

Chad's bottle feeding hygiene 

Using bottle feeding (n = 155) 96 13 2.67 (0.71-9.88) 0.14 3.33 (0.78-14.2) 0.10 

Bottle was waslied and boiled (n = 96) 24 8 0.56(0.11-2.78) 0.48 0.67(0.11-3.97) 0.66 

Clean bottle milk (n = 95) 32 6 0.35 (0.07-1.72) 0.20 0.22 (0.03-1.53) 0.13 

Note: OR, odd ratio. 

^Variables are categorical and indicate favorable practice, except for the variable of 'using bottle feeding" that was undesired practice. 
"^Adjusted for age, weight-for-height z-score, immunization status, family size and number of under-five children living under the same roof 
=n = 201:'' n = 234. 

"statistical significant at p < 0.05, test. 



in the adjusted analyses (Table 6). However, a significant 
interaction with age and food-hygiene practices was ob- 
served (p < .001). Stratified analysis by age showed that a 
poor food hygiene score was independently associated 
with diarrhea in children < 2 years (p < .05), although the 
confidence interval was very wide. Because sewage con- 
dition and water sources may independently associate 
with diarrhea in children <2 years, we repeated the logis- 
tic regression analysis versus feeding practices excluding 
these variables in a composite score. However, the ad- 
justed OR for poor hygiene practices were not different 
when these variables were excluded from the composite 
scores of feeding practices (adjusted OR 4.08, 95 CI = 
0.96-17.4; p = .058) (data not shown). 



Discussion 

Our study indicates that the risk of having diarrhea is in- 
creased in children aged <2 years whose mother had poor 
food-hygiene practices. Children who lived in houses with 
less dirty sewage had a lower risk of diarrhea. 

Table 6 Association between food-hygiene practices and 
diarrhea among children aged 12-59 months (n = 274) 



Determinants 



Food-hygiene 
practice 



Diarrhea 

% Unadjusted Adjusted^ 
OR (95% CI) OR (95% CI) 



All children 


Poor 


11 


1.15 (0.51-2.60) 


1.33 (0.57-3.14) 




Better 


9 


1.00 


1.00 




p-value 




0.73 


0.51 


Stratified by age group 








< 2 y (n = 93) 


Poor 


23 


2.63 (0.78-8.89) 


4.55 (1.08-19.10)* 




Better 


10 


1.00 


1.00 




p-value 




0.12 


0.04* 


> 2y(n = 181) 


Poor 


5 


0.55 (0.17-1.78) 


0.62 (0.18-2.14) 




Better 


9 


1.00 


1.00 




p-value 




0.32 


0.38 



Note: Poor food-hygiene practice (score <19 of 36 score); good practice (score 
>19 of 36 score). 

^Adjusted for age (continuous), weight-for-height z-score (continuous) and 
number of under-five children living under the same roof (>1/1). 
'statistical significant at p < 0.05, test. 



Our finding on diarrhea prevalence is consistent with 
many studies in developing countries in similar settings 
such as Vietnam [13], Thailand [30] and Bangladesh [31] 
confirming that children aged <2 years were more vul- 
nerable to suffer from diarrhea. This finding is also in 
line with the previous review that diarrheal diseases 
were extremely high during the weaning period (6- 
24 months) [19]. Our study was conducted in a rainy sea- 
son (November - April), which was assumed to be the 
peak of diarrhea prevalence as described in a previous 
study within a similar community [32]. However, some 
recent studies in developing countries observed high 
diarrhea prevalence in dry seasons [33-37]. Performing 
the study in a rainy season may lead to an overesti- 
mation of diarrhea prevalence because there is a strong 
link between diarrheal illnesses and weather- and climate- 
related events. The prevalence of diarrhea in our study in 
all (10%) or in younger age (17%) corresponds with the 
known prevalence, thus an effect of season was not clearly 
seen. 

Direct association between food-hygiene practices and 
diarrhea prevalence in children has been suggested in 
several epidemiologic studies in developing countries e.g. 
Vietnam [13], Bangladesh [31,38], Nigeria [39], Nicaragua 
[40], Brazil [41] and Congo [42], but findings are not 
conclusive [43]. The practices were evaluated either as 
combined or individual practices such as hand washing, 
food preparation and storage, sewage condition, and safe 
water source and storage. Our present study typically pro- 
vides a comprehensive and more complete set of local 
practice identified in our community and presents not 
only single variables, but also a summary score of practices. 
This approach may give advantages because important and 
specific local practices are not missed. By using more 
complete set of local food-hygiene practices than other 
studies, our study indicated that the poor food-hygiene 
practice score was not associated with the prevalence 
of diarrhea among children under five, but was signifi- 
cantly associated with more diarrhea among children 
aged <2 years. 

We presented 36 single variables as a summary score 
reflecting a food-hygiene practice index. This index was 
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dichotomized into poor and better food-hygiene practice 
based on the median score of the population. Some 
studies with much larger sample sizes classified the total 
score into tertiles or quartUes. However, this classification 
was not applied in our study because it leads to very large 
confidence intervals, due to small numbers, which would 
complicate the interpretation. This scoring system for 
food-hygiene practices can be considered as a preliminary 
step in the development of a methodology to measure and 
quantify the different types of food-hygiene practices in a 
community setting. 

The increased risk of having diarrhea in children 
aged <2 years whose mother had poor food-hygiene 
practices in our study was similarly observed in a peri- 
urban district of Guinea-Bissau [44]. This finding may be 
explained by the fact that weaning foods for young chil- 
dren prepared under unhygienic conditions are frequently 
contaminated with pathogens and are an important risk 
factor of diarrhea transmission [19]. However, our study 
was not able to demonstrate an association between the 
contamination of weaning foods and diarrhea due to a 
lack of assessment of specific enteropathogens. Although 
food-borne infection is the main route of transmission of 
gastrointestinal infections in developed countries, their 
contribution to the burden of diarrhea in low-income set- 
tings is still unclear [43] . Contaminated weaning food has 
been suggested as a major contributor to diarrhea in 
low-income settings as up to 70% of diarrhea episodes 
are actually caused by water and food contaminated 
with pathogens [19] although observational studies gave 
inconclusive results [45]. A study in Gambia failed to 
document an association between water or weaning food 
contamination and higher rates of diarrheal morbidity 
[46]. Two recent studies found an increased risk of diar- 
rhea associated with the consumption of maize-based 
weaning foods [42,46]. However, in one of these studies, 
this association was only significant in children living in 
rural communities [42]. Therefore, the association be- 
tween contaminated weaning foods and diarrheal diseases 
in young children living in urban setting of developing 
countries remains lacking [45] . 

Transmission of Enterotoxigenic Escherichia coli (ETEC) 
is known to be specifically associated with contaminated 
weaning foods among younger children in developing 
countries [47,48] and was considered to be responsible 
for the diarrhea-induced weight faltering [19]. Younger 
children are also at risk to be infected by rotavirus that 
is transmitted primarily person-to-person through the 
fecal-oral route [49]. Children are infected with rota- 
virus through contact with an infected person outside 
and in the household and poor food-handling hygiene 
practices such as the contamination of the mother's 
hands by infected fomites or surfaces [50-52]. Improved 
water and sanitation is not sufficient to reduce the 



spread of this virus, as indicated by similar rates of ill- 
nesses in developed and developing countries [53,54]. 
The great disparity in mortality associated with diarrhea 
caused by rotavirus among children in industrialized 
and developing countries, is likely related to differences 
in access to appropriate and timely medical care and hy- 
dration therapy [54] and a greater prevalence of malnu- 
trition [55]. 

Several food hygiene practices assessed in our study 
such as mother and child's hand washing practice, food 
preparation (eg. food holding time and reheating food be- 
fore eaten) and habits of buying cooked food from outside 
(eg. not frequently buying, food bought when still hot and 
directly eaten), the use of clean eating or cooking utensils, 
and the cleanliness of bottied milk were related to the 
sources of food-borne transmission but did not show sta- 
tistically significant associations with diarrhea. The best 
studied hygiene practice with consistent evidence in devel- 
oping countries is hand washing [43]. Evidence from the 
randomized trials (RCTs) on hand washing showed reduc- 
tions in diarrhea of around 30%, and of 43-53% if soap is 
used [56-58]. Our study found that mother and child who 
reported washing their hands with water and soap had 
lower percentage of diarrhea than who did not, however, 
our study failed to demonstrate statistically significant 
associations. 

The absence of basic sanitation facilities in a low socio- 
economic family may lead to poor food hygiene and sani- 
tation practices in the households [18,59]. This is because 
water supply, source of drinking water and house and en- 
vironmental hygiene were known to be related to either 
the risk of food- or water-borne transmission [18,60]. Al- 
though the human waste disposal and environmental hy- 
giene were poor in our study area [61], we did not find a 
significant association of diarrhea and the source of water 
supply and drinking water. This can be explained because 
the majority of respondents in our study reported boiling 
their drinking water before consumption, which is in line 
with the study done by Vollaard and colleagues in an al- 
most similar study site [61], and/or used refill or package 
water. These practices may apparently prevent the risk of 
drinking water contamination to the children in this area. 
Our study confirmed that children who lived in a house 
with less dirty sewage had significant lower risk of having 
diarrhea than children who did not. A previous study 
conducted in an urban poor setting in Indonesia also 
reported an increased risk of having diarrhea in children 
with unavailability of sewage and/or a place to dispose the 
child's stools [62]. Pathogens in feces disposed in sewage 
near the house can contaminate the environment and the 
food eaten by children [7,39,63,64]. Contamination of 
drinking water by sewage through pump failure or block- 
age of a sewage system [65] and outbreaks of viral gastro- 
enteritis resulting from sewage contamination of water 
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supplies have been previously described [66,67]. Unfortu- 
nately, information on diarrhea-causing pathogens could 
not be obtained in our study. 

Since our study purpose was to obtain global insight 
into factors (i.e., food hygiene practices) that could 
additionally contribute to transmission of diarrhea in 
children, our approach using a rapid survey has several 
limitations. A 7-day recording period prevalence of diar- 
rhea is commonly used in practice [68] and may avoid 
information bias. However, this period may be too short 
to gather information on the number of diarrhea epi- 
sodes in the household, which is essential to explain 
within-household transmission. Information on the as- 
sessment of intra-household factors (controllable) versus 
external non-controllable factors (e.g. sewage) or behav- 
ioural versus socioeconomic factors or food versus 
water-associated transmission, recent episode and health 
care visits due to diarrhea of household members, use 
of oral rehydration solution during diarrhea, or associ- 
ation between income and sewage condition was miss- 
ing in our study that might be subject for further 
investigations. 

Although diarrhea prevalence in our study showed 
a similar trend with other studies, the association 
between food hygiene practice and diarrhea was not 
significant. The lack of association may be due to 
the method used for data collection, study design or 
selection of food hygiene practices. We relied on re- 
call methods to investigate food-hygiene practices. 
This may be the reason why we could not observe 
significant associations between overall and some of 
the single food-hygiene practices. Mothers may re- 
port socially desirable practices which they do not 
perform or forget some of the practices. However, 
we observed that mothers in our study were very 
motivated and spontaneously answered the questions 
without hesitation or interferences from other 
people. The lack of association between hand wash- 
ing and diarrhea in our study may be due to applica- 
tion of single report instead of repeated observation 
methods to assess this practice. Repeated observa- 
tions can avoid risks of misclassifying exposure that 
reduces the statistical power to identify associations 
[38]. The RCTs method of other studies [56-58] pro- 
vide much stronger causal relationship. Some data in 
this study derived from direct observation, such as 
observations in the house and its environment, were 
significantly associated with diarrhea prevalence. Dir- 
ect observation is most preferred because it allows 
first hand data collection in a natural setting as used 
in prospective cohort studies in Nigeria and Brazil 
[40,41]. Although there can be potential bias in 
(any) recall method, this way of data collection is 
less expensive and relatively fast, and is still 



considered as a way to find out the extent of the 
problem in a poor community [24]. 

Conclusions 

In conclusion, the poor food-hygiene practice score was 
not associated with the prevalence of diarrhea among 
children under five, but was significantly associated with 
more diarrhea among children aged <2 years. Therefore, 
food safety education should be especially targeted to 
this age group, focusing on good food-hygiene practices 
and less dirty sewage. Direct observation methods are 
preferred for future studies to avoid over- or under- 
reporting by the mothers on their child's feeding prac- 
tice. Other typical local food hygiene practices (eg. habits 
of eating with hands, sharing food from the same plates) 
should be explored in the future research. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

RA and TPS contributed equally to this work. RA was the principa 
investigator and responsible for study concept and design, coordinated 
data collection, involved in data management, carried out the statistical 
analyses and drafted the manuscript TPS conducted data collection, 
involved in data management, carried out the statistical analyses and 
drafted the manuscript SS was involved in drafting the manuscript EJMF 
was involved in statistical data analyses, interpreting the data and drafting 
the manuscript IMJBO andFJK supervised the first author and was 
involved in interpreting the data and drafting the manuscript All authors 
revised the text critically for important intellectual content and read and 
approved the final manuscript 

Acknowledgments 

Special thanks to all field workers and kaders {women health volunteers) for 
their precious help in data collection, and to all mothers and children who 

participated in the study. 

Funding 

Top Institute Food and Nutrition, Wageningen, The Netherlands and the 
Ministry of National Fducation and Culture Republic of Indonesia. Doctorate 
scholarship was provided by the International Nutrition Foundation, USA. 

Author details 

^SFAMFO RFCFON {Southeast Asian Ministers of Education Organization 
Regional Center for Food and Nutrition), P.O. Box 3852, Jakarta 10038, 
Indonesia. ^Department of Nutrition, Faculty of Medicine, University of 
Indonesia, Jakarta, Indonesia. ^Division of Human Nutrition, Wageningen 
University, Wageningen, The Netherlands. ''Top Institute Food and Nutrition, 
Wageningen, The Netherlands. ^NIZO Food Research, Fde, The Netherlands. 

Received: 24 April 2012 Accepted: 4 October 2013 
Published: 19 October 2013 

References 

1. Liu L, Johnson HL, Cousens S, Perin J, Scott S, Lawn JE, Rudan I, Campbell H, 
Cibulskis R, Li M, ef ah Global, regional, and national causes of child 
mortality: an updated systematic analysis for 2010 with time trends 
since 2000. Lancet 2012, 379(9832):2151-2161. 

2. Fischer Walker C, Perin J, Aryee M, Boschi-Pinto C, Black R: Diarrhea 
incidence in low- and middle-income countries in 1990 and 2010: a 
systematic review. BMC Public Health 2012, 12(1):220. 

3. Boschi-Pinto C, Lanata CE Black RE 'The global burden of childhood 
Diarrhoea'. In Maternal and Child Health: global challenges, programs, and 
policies. Edited by Ehiri JE New York: Springer; 2009. 



Agustina et al. BMC Public Health 2013, 13:977 
http://www.biomedcentral.com/1471-2458/13/977 



Page 11 of 1 2 



4. Guerrant RL, Schorling JB, McAuliffe JF, de Souza MA: Diarrhea as a cause 
and an effect of malnutrition: diarrhea prevents catch-up growth and 
malnutrition increases diarrhea frequency and duration. Am J Tmp Med 
Hyg 1992,47(1 Pt 2):28-35. 

5. Hatt LE, Waters HR: Determinants of child morbidity in Latin America: a 
pooled analysis of interactions between parental education and 
economic status. Soc Sci Med 2006, 62(2):375-386. 

6. Boadi K, Kuitunen M: Childhood diarrheal morbidity in the accra 
metropolitan area, ghana: socio-economic, environmental and 
behavioral risk determinants. J World Health Popul 2005:2-13. 

7. Makoni FS, Ndamba J, Mbati PA, Manase G: Impact of waste disposal on 
health of a poor urban community in Zimbambwe. East Afr Med J 2004, 
81 {8):422-426. 

8. WHO/UNICFF: Global water supply and sanitation assessment Geneva: WHO/ 
UNICEF; 2000. Available at: http://www.who.int/water_sanitation_health/ 
monitoring/jmp2000.pdf (accessed lune 1, 2012). 

9. Rahman M, Rahaman MM, Wojtyniak B, Aziz KM: Impact of environmental 
sanitation and crowding on infant mortality in rural Bangladesh. Lancet 
1985, 2(8445):28-31. 

10. Lanata CF, Black RF: Diarrheal diseases. In Nutrition and health in developing 
countries. Secondth edition. Fdited by Semba RD, Bloem MW. Totowa, NJ: 
Humana Press: 2008:139-178. 

1 1 . WHO: Coordinated approach to prevention and control of acute diarrhoea and 
respiratory infections WHO SFARO: 2010. Available at http://apps.5earo.who.int/ 
PDS_DOCS/B4575.pdf (accessed 28 September 2010). 

12. Bilcke J, Van Damme P, Van Ranst M, Hens N, Aerts M, Beutels P: Estimating 
the incidence of symptomatic rotavirus infections: a systematic review 
and meta-analysis. PLoS One 2009, 4(6):e6060. 

13. Takanashi K, Chonan Y, Quyen DT, Khan NC, Poudel KG, limba M: Survey of 
food-hygiene practices at home and childhood diarrhoea in Hanoi, Viet 
Nam. J Health Popui Nutr 2009, 27(5):602-61 1. 

14. Anteneh AaK A: Assessment of the impact of latrine utilization on 
diarrhoeal diseases in the rural community of Hulet Ejju Enessie Woreda, 
East Gojjam Zone, Amhara Region. Ethiop J Health Dev 2010, 
24(2):110-118. 

1 5. Semba RD, Kraemer K, Sun K, de Pee S, Akhter N, Moench-Pfanner R, Rah JH, 
Gampbell AA, Badham J, Bloem MW: Relationship of the presence of a 
household improved latrine with diarrhea and under-five child mortality in 
Indonesia. Am J Trop Med Hyg 201 1 , 84(3):443-450. 

16. Cheung YB: The impact of water supplies and sanitation on growth in 
Chinese children. J R Soc Promot Health 1999, 1 19(2):89-91. 

17. WHO: Five keys to safer food manual Geneva, Switzerland: WHO: 2007. 

18. Burger SF, Fsrey SA: Water and sanitation: health and nutrition benefits to 
children. In Child growth and nutrition in developing countries priorities for 
action. Fdited by Pinstrup-Andersen P, Pelletier D. H. A. Ithaca, NY: Gomel 
University Press: 1995:153-175. 

19. Motarjemi Y, Kaferstein F, Moy G, Quevedo F: Contaminated weaning food: 
a major risk factor for diarrhoea and associated malnutrition. Bull World 
Health Organ 1993, 71(l):79-92. 

20. Lewis SI, Heaton KW: Stool form scale as a useful guide to intestinal 
transit time. Scand J Gastroenterol 1997, 32(9):920-924. 

21 . WHO/GDR/95'3: The treatment of diarrhoea: a manual for physicians and 
other senior health workers. Geneva: World Health Organization. 4* rev 
http://whqlibdoc.who.int/publications/2005/9241593180.pdL 

22. Schmidt WP, Luby SP, Genser B, Barreto ML, Clasen T: Estimating the 
longitudinal prevalence of diarrhea and other episodic diseases: 
continuous versus intermittent surveillance. Epidemiology 2007, 
18(5):537-543. 

23. Clasen T, Schmidt WP, Rabie T, Roberts I, Caimcross S: Interventions to 
improve water quality for preventing diarrhoea: systematic review and 
meta-analysis. BMJ 2007, 334(7597):782. 

24 Webb AL, Stein AD, Ramakrishnan U, Hertzberg VS, Urizar M, Martorell R 
A simple index to measure hygiene behaviours, int J Epidemiol 2006, 
35(6):146 9-1477. 

25. WHO Multicentre Growth Reference Study Group: WHO child growth 
standards: iength/helght-for-age, weight-for-age, weight-for-iength, weight-for- 
helght and body mass index-for-age: methods and development Geneva, 
World Health Organization; 2006. Available at: http://www.who.int/ 
childgrowth/standards/FechnicaLreport.pdf. 

26. Gibson RS: Principles of nutritional assessment 2nd edition. United Kingdom: 
Oxford University Press; Oxford; 2005. 



27. Bursac Z, Gauss CH, Williams DK, Hosmer DW: Purposeful selection of 
variables in logistic regression. Source Code Biol Med 2008, 3:17. 

28. Mostert S, Sitaresmi MN, Gundy CM, Sutaryo Veerman AJ: Influence of 
socioeconomic status on childhood acute lymphoblastic leukemia 
treatment in Indonesia. Pediatrics 2006, 1 18(6):el600-el606. 

29. Edmond KM, Kirkwood BR, Amenga-Etego S, Owusu-Agyei S, Hurt LS: 
Effect of early infant feeding practices on infection-specific 
neonatal mortality: an investigation of the causal links with 
observational data from rural Ghana. Am J Clin Nutr 2007, 

86(4):1 126-1 131. 

30. Wilunda C, Panza A: Factors associated with diarrhea among children less 
than 5 years old in Thailand: a secondary analysis of Thailand multiple 
indicator cluster survey 2006. J Health Res 2009, 23:1 7-22. suppl. 

31. Mannan SR, Rahman MA: Exploring the link between food-hygiene 
practices and diarrhoea among the children of garments worker 
mothers in dhaka. Anwer Khan Mod Med College J 201 1 , 1 (2)4-1 1 . 

32. Agtini MD, Soeharno R, Lesmana M, Punjabi NH, Simanjuntak C, 
Wangsasaputra F, Nurdin D, Pulungsih SP, Rofiq A, Santoso H, et al: 
The burden of diarrhoea, shigellosis, and cholera in North Jakarta, 
Indonesia: findings from 24 months surveillance. BMC Infect Dis 
2005, 5:89. 

33. Wilopo SA, Soenarto Y, Bresee JS, Tholib A, Aminah S, Cahyono A, Gentsch 
JR, Kilgore P, Glass Rl: Rotavirus surveillance to determine disease burden 
and epidemiology in Java, Indonesia, August 2001 through April 2004. 
Vaccine 2009, 27(Suppl 5):F61-F66. 

34. Bresee J, Fang ZY, Wang B, Nelson FA, Jam J, Soenarto Y, Wilopo SA, Kilgore 
P, Kim JS, Kang JO, et al First report from the Asian rotavirus surveillance 
network. Emerg infect Dis 2004, 10(6):988-995. 

35. Moe K Hummelman FG, Oo WM, twin T, Htwe TT: Hospital-based sun/eillance 
for rotavirus diarrhea in children in Yangon, IVlyanmar. J Infect Dis 2005, 
192(Suppl 1):S111-S113. 

36. Vargas M, Gascon J, Casals C, Schellenberg D, Urassa H, Kahigwa F, Ruiz J, 
Vila J: Etiology of diarrhea in children less than five years of age in 
Ifakara, Tanzania. Am J Prop Med Hyg 2004, 70(5):536-539. 

37. Kiulia NM, Kamenwa R, Irimu G, Nyangao JO, Gatheru Z, Nyachieo A, Steele 
AD, Mwenda JM: The epidemiology of human rotavirus associated with 
diarrhoea in Kenyan children: a review. J Prop Pedlatr 2008, 

54(6) :40 1-405. 

38. Luby SP, Haider AK, Huda T, Unicomb L, Johnston RB: The effect of 
handwashing at recommended times with water alone and with soap 
on child diarrhea in rural Bangladesh: an observational study. PLoS Med 
2011, 8(6):el001052 

39. Oyemade A, Omokhodlon FO, Olawuyi JF, Sridhar MK, Olaseha 10: 
Environmental and personal hygiene practices: risk factors for diarrhoea 
among children of Nigerian market women. J Diarrhoeal Dis Res 1998, 
16(4):241-247. 

40. Gorter AC, Sandiford P, Pauw J, Morales P, Perez RM, Alberts H: Hygiene 
behaviour in rural Nicaragua in relation to diarrhoea. Int J Epidemiol 1998, 
27(6):1 090-1 100. 

41. Strina A, Cairncross S, Barreto ML Larrea C, Prado MS: Childhood diarrhea 
and observed hygiene behavior in Salvador, Brazil. Am J Epidemiol 2003, 
157(1 1):1032-1038. 

42. Mock NB, Sellers TA, Abdoh AA, Franklin RR: Socioeconomic, 
environmental, demographic and behavioral factors associated with 
occurrence of diarrhea in young children in the Republic of Congo. Soc 
Sci Med 1993, 36(6):807-816. 

43. Curtis V, Schmidt W, Luby S, Florez R, Toure 0, Biran A: Hygiene: new 
hopes, new horizons. Lancet infect Dis 2011, 1 1 (4):31 2-321. 

44. M0lbak K Jensen H, Molbak K Jensen H, Lngholt L, Aaby P: Risk factors for 
diarrheal disease incidence in early childhood: a community cohort 
study from guinea-bissau. Am J Epidemiol 1997, 146(3):273-282. 

45. Lanata CF: Studies of food hygiene and diarrhoeal disease, int J Environ 
Health Res 2003, 13(Suppl 1):S175-S183. 

46. Hamer DH, Simon F, Thea D, Keush 6T: Childhood diarrhea in Sub-saharan 
Africa. Child Health Res Project Spec Rep 1998, 2:1-32. Available at: http:// 
www.harpnet.org/doc/spec2.pdf (accessed 28 May 201 1). In. 

47. Rao MR, Abu-Flyazeed R, Savarino SJ, Naficy AB, Wierzba IF, Abdel-Messih I, 
Shaheen H, Frenck RW, Svennerholm AM, Clemens JD: High disease 
burden of diarrhea due to enterotoxigenic Escherichia coli among rural 
Egyptian infants and young children. J Clin Microbiol 2003, 
41(10):4862-4864 



Agustina ef al. BMC Public Health 201 3, 1 3;977 Page 1 2 of 1 2 

http://www.biomedcentral.com/1471-2458/13/977 



49. 



50. 



52. 



53. 



54. 



55. 



56. 



57. 



58. 



59. 



60. 



62. 



63. 



64. 



65. 



66. 



67. 



Black RE, Brown KH, Becker S, Alim ARMA, Merson MH: Contamination of 
weaning foods and transmission of entero-toxigenic escherichia-coli 
diarrhea in children in rural Bangladesh. T Roy Soc Trop Med H 1982, 
76(2):259-264. 

Butz AM, Fosarelli P, Dick J, Cusack T, Yolken R: Prevalence of rotavirus on 
high-risk fomites in day-care facilities. Pediatrics 1993, 92(2):202-205. 
de Wit MA, Koopmans MP, van Duynhoven YT: Risk factors for norovirus, 
sapporo-like virus, and group a rotavirus gastroenteritis. Emerg Infect Dis 
2003, 9(12):1563-1570. 

Ahs JW, Tao W, Lofgren J, Forsberg BC: Diarrheal diseases in low- and 
middle-income countries: incidence, prevention and management. Public 
Hea/r/7 2010, 4:113-124. 

Dennehy PH: Transmission of rotavirus and other enteric pathogens in 
the home. Pediatr infect Dis J 2000, 19(10 Suppl):S103-S105. 
Centers for disease control and prevention. In Epidemiology and 
prevention of vaccine-preventable diseases. 1 1th edition. Edited by Atkinson 
W, Wolfe S, Hamborsky J, Mclntyre L. Washington DC: Public Health 
Foundation; 2009. 

Parashar UD, Burton A, Lanata C, Boschi-Pinto C, Shibuya K, Steele D, 
Birmingham M, Glass Rl: Global mortality associated with rotavirus disease 
among children in 2004. J Infect Dis 2009, 200(Suppl 1):S9-S15. 
Parashar UD, Hummelman EG, Bresee IS, Miller MA, Glass Rl: Global illness 
and deaths caused by rotavirus disease in children. Emerg Infect Dis 2003, 
9(5):565-572. 

Ejemot Rl, Ehiri JE, Meremikwu MM, Critchley JA: Hand washing for 
preventing diarrhoea. Cochrane Database Syst Rev 2008, 1, CD004265. 
Curtis V, Cairncross S: Effect of washing hands with soap on diarrhoea risk 
in the community: a systematic review. Lancet infect Dis 2003, 
3(5):275-281. 

Semba RD, de Pee S, Ricks MO, Sari M, Bloem MW: Diarrhea and fever as 
risk factors for anemia among children under age five living in urban 
slum areas of Indonesia, int J infect Dis 2008, 12(l):62-70 
Wagstaff A, Bustreo F, Bryce J, Claeson M: Child health: reaching the poor. 

Am J Public Health 2004, 94(5):726-736. 

Almedom AM: Recent developments in hygiene behaviour research: an 
emphasis on methods and meaning. Jrop Med int Health 1995, 
1(2):171-182. 

Vollaard AM, Ali S, Smet J, van Asten H, Widjaja S, Visser LG, Surjadi C, van 
Dissel JT: A survey of the supply and bacteriologic quality of drinking 
water and sanitation in Jakarta, Indonesia. Southeast Asian J Jrop Med 
Public Health 2005, 36{6):1 552-1 561. 

Warrouw S: Hubungan fai<tor Lingkungan dan Sosiai Ekonomi dengan 
Morbiditas (Keiuhan iSPA dan Diare). JKPKBPPK/Badan Litbang Kesehatan; 
2002. 

Black RE, Morris SS, Bryce J: Where and why are 10 million children dying 
every year? Lancet 2003, 361(9376):2226-2234. 
Moraes LR, Cancio JA, Cairncross S, Huttly S: Impact of drainage and 
sewerage on diarrhoea in poor urban areas in Salvador, Brazil. Trans R 
Soc Trop Med Hyg 2003, 97(2):153-158. 

Lodder WJ, Husman AMD: Presence of noroviruses and other enteric 
viruses in sewage and surface waters in The Netherlands. Appi Environ 
Microbiol 2005, 71(3):1453-1461. 

Hafliger D, Hubner P, Luthy J: Outbreak of viral gastroenteritis due to 
sewage-contaminated drinking water, int J Food Microbioi 2000, 
54(1 -2):1 23-1 26. 

Khan SA, Ahmed A, Khalid SM: Diarrhea due to rotavirus and probability 
of sewage contamination. J islamic Acad Sci 1992, 5(2):1 42-144. 
Middleton JR, Timms LL, Bader GR, Lakritz J, Luby CD, Steevens BJ: Effect of 
prepartum intramammary treatment with pirlimycin hydrochloride on 
prevalence of early first-lactation mastitis in dairy heifers. J Am Vet Med 
Assoc 2005, 227(1 2):1 969-1 974. 



doi:10.1 186/1471-2458-13-977 

Cite this article as: Agustina et ai:. Association of food-hygiene practices 
and diarrhea prevalence among Indonesian young children from low 
socioeconomic urban areas. BMC Public Health 2013 13:977. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.blomedcentral.com/submit 



o 



BioMed Central 



